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LIFE!

THE FIRST LIFE DISCOVERED BEYOND GLARGAL.

A CLOSER INSPECTION
REVEALED AN EXUBERANT
VARIETY OF LWING
THINGS. WHERE DID THEY
ALL COME FROM? WHAT
WAS THE SOURCE OF THIS
INCREDIBLE DIVERSITY?

THE ANSWER, IN PART, IS THAT LIFE
ON EARTH IS TOUGH. THERE ISN'T
ENOUGH WATER, FOOD, AND SPACE
FOR EVERY ORGANISM, SO THERE
1S A STRUGGLE TO SURVIVE.

LOOKS LIKE
ASTEROIDS
TODAY, DEAR,

71 BECMISE OF THS, ORGANISMS ON EARTH
ARE FORCED TO EVOLVE INNOVATIVE

=] SOLUTIONS TO VARIOUS THREATS TO THER

EXISTENCE. CHALLENGES TO SURVIVAL CAN

COME FROM ANYWHERE, EVEN OUTER SPACE.

: LN i >
DURING ITS LONG HISTORY, EARTH HAS
Bl UNDERGONE DRAMATIC CHANGES. THE VERY
CONTINENTS HAVE SHIFTED. ISLANDS AND
OCEANS HAVE COME AND GONE. THE PLANET
HAS PERIODICALLY FROZEN AND THAWED.

NS

HOI AF1EK 11 FOKMED THAT ALL
THE ROCKS WERE LIQUEFIED. IT
REMAINED THIS WAY FOR ABOUT Z
| SO0 MILLION YEARS, UNTIL THNGS 7 =
COOLED DOWN AND A HARD OUTER [/ 774

8| LAYER, CALLED A CRUST, FORMED. [ 0% " &5

% " -

e ST AT ABOUT THE SAME TIME, A
S, - =] THN LAYER OF GASSES WERE

NOXIOUS MiX OF METHANE,
AMMONIA, AND HYDROGEN,

THE HEAT AND CHEMICALS COMBINED

%/
IN A PREHSTORIC STEW. SMPLE V)
INORGANIC COMPOUNDS SLOSHED
AROUND ON THE PLANET'S SURFACE, /
BUBBLED UP FROM BELOW, AND
DROPPED FROM THESKYON () A

MOLECULES MIXED AND REACTED, FORMING COM-
PLEX CHAINS, SOME OF THESE COULD MAKE COPIES
OF THEMSELVES. THEY WERE THE FORERUNNERS
OF GENETIC MOLECWLES LIKE RNA AND DNA....

.. THE VERY STUFF OF LFE!

RIBOZYME

MAKING COPIES QF YOURSELF IN A BIG, BUBBLING
STEW CAN B€ A CHALLENGE. SOME OF THESE EARLY
SELF-COPYING MOLECULES FOUND REFUGE INSIDE OF
WATERY BAGS WITH THIN, FATTY MEMBRANES,

THESE EARLY CELLS PROVIDED A STABLE ENVIRON-
MENT FOR THE GENETIC MATERIAL AND GAVE THEM
A BIG ADVANTAGE OVER THOSE MOLECULES THAT
REMAINED EXPOSED TO THE ELEMENTS.

IN ADDITION TO PASSING THEIR GENETIC MATERIAL
TO THEIR OFFSPRING, THESE EARLY CELLS ALSO

FREELY SWAPPED GENETIC MATERIAL WITH OTHER,
UNRELATED CELLS, THESE EXCHANGES ARE CALLED
LATERAL TRANSFERS AND THEY PROMOTE
VARIETY WITHIN POPULATIONS.
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BACTERIA

BACTERIA ARE ALL SINGLE-CELLED
ORGANISMS THAT HAVE A CELL WALL
AND A SINGLE, CIRCULAR RING OF DNA,
THEY BECAME THE MOST SUCCESSFUL
ORGANISMS OF THE PLANET. ONE SPE-
CIES, CALLED CYANOBACTERIA, FILLED

#20.0@). /| EUKARYOTES

EUKARYOTES ARE QUITE DIFFERENT FROM THE ARCHAEA

BACTERIA, INSTEAD OF HAVING A RIGID CELL ARE SINGLE-
WALL, EUKARYOTIC CELLS ARE ENCASED N CELLED ORGAN-
A MORE PERMEABLE MEMBRANE. AND EACH ISMS THAT

HAS AN INTERNAL COMPARTMENT CALLED A HAVE A MIX OF
NUCLEUS TO HOUSE ITS DNA. BACTERIAL AND

EARTH'S EARLY ATMOSPHERE WITH EUKARYOTIC
OXYGEN THROUGH PHOTOSYNTHESIS. FEATURES.
MULTICELLED

SINGLE-CELLED

MANY EUKARYOTES
REMAINED SINGLE-
CELLED ORGANISMS,
LIKE PARAMECIA AND
AMOEBAS, AND ARE
KNOWN AS PROTISTS.

GREEN PLANTS CAN MAKE SUGARS
FROM SUNLIGHT, WATER, AND CARBON
DIOXIDE, GIVING OFF OXYGEN AS A
BY-PRODUCT. THIS PROCESS IS CALLED
PHOTOSYNTHESIS. THEY GROW IN A FIXED
LOCATION AND DON'T MOVE AROUND MUCH.

BUT ABOUT 1.5 BILLION YEARS AGO, A FEW BRANCHES
OF THE EUKARYOTE FAMILY TREE EVOLVED TO LIVE
AND WORK TOGETHER AS MULTICELLED ORGANISMS.
THS INNOVATION GAVE RISE TO THREE NEW LINES OF
LIVING CREATURES: PLANTS, FUNGI, AND ANIMALS.

EACH WOULD EVOLVE A DIZZYING ARRAY OF SPECIALIZED
FEATURES, CALLED ADAPTRTIONS, TO HELP THEM FIND
FOOD, WATER, AND MATES.

FUNGI ARE DECOMPOSERS ANIMALS ARE HIGHLY
THAT GROW ON OTHER MOBLE AND EAT OTHER
ORGANISMS - USUALLY ORGANISMS TO GET
DEAD ONES, BUT NOT THEIR FOOD. THIS LINE
ALWAYS... THEY ALSO WOULD PRODUCE SPECIES
AREN'T VERY MOBILE. CAPABLE OF THOUGHT.

YES, PRINCE FLOORSH 418. ALTHOUGH THE SPECIES
WITH THE MOST SOPHISTICATED INTELLECT ON EARTH
IS VERY DIFFERENT FROM US, AS WE WILL SOON SEE.

« ASIDE FROM THE OBVIOUS
FACT THAT WE ARE OCEAN-
DWELLERS AND THE HUMANS

So, Bloort...T assume this report is
as long = that is, as THOROUGH —as
your initial one on human genetics?
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THEN 1 GUI MAKKIEY, HAV KIVS, AN KAN THE FAMOUS ENGLISH BIOLOGIST
EXPERMENTS FOR THE NEXT TWENTY YEARS. THOMAS HENRY HUXLEY SAD —

FIND SOMEONE WILLING TO MATE WITH IT.

TO REPRODUCE .

HOW STUPID

THIS IS TRUE FOR EVERY ORGANISM. FROGS, FOR
EXAMPLE, MAY PRODUCE THOUSANDS OF EGGS, BUT
ONLY A HANDFUL LIVE LONG ENOUGH TO BECOME
ADULT FROGS.

ON TOP OF
SPAGHETTIN,
ALL COVERED WITH
CHEEEEEESE ...

1T HAD TO BE
YOU... WONDERFUL

BRILLIANT. SO, THERE ARE
FOUR BASIC CONDITIONS
THAT MUST BE MET FOR
NATURAL SELECTION
TO OCCUR.

THE THIRD CONDITION STATES THIS ADVANTAGE 1S THE RESULT OF A

THAT: SURVIVAL 1S NOT RANDOM. PARTICULAR <>r=.>.=w.u_ N..zm m ﬁ,m_.hm
SURVIVORS MUST HAVE AN ADVANTAGE SUCH AS A SLIGHTLY LO ONGLE.
OVER THOSE THAT DON'T SURVIVE.

THE FIRST IS THAT IN OTHER WORDS, EVERYBODY IS SLIGHTLY DIFFERENT. FINALLY, THE FOURTH CONDITION THAT UNDER THESE CONDITIONS, SOME INDIVIDUALS CON-
TRAITS IN A POPULATION OF

MUST BE MET, IS THE SURVIVOR'S TRIBUTE MORE OFFSPRING TO THE NEXT GENER-

ORGANISMS EXHIBIT VARIATION. A QUICK LOOK AROUND WILL CONFIRM THAT MEMBERS OF ADVANTAGEOUS TRAITS MUST BE ATION AND THEIR TRAITS WILL SLOWLY GROW MORE
ANY GIVEN SPECIES AREN'T EXACTLY ALIKE. INDIVIDUALS HERITABLE. EVOLUTION CAN HAPPEN AND MORE PREVALENT IN THE POPULATION, WHEN
CAN VARY IN TRAITS THAT RANGE FROM SIZE AND SHAPE

ONLY. IF. ADVANTAGES CAN BE PASSED THIS HAPPENS, THE POPULATION IS EVOLVING,
TO HOW THEY ACT OR HOW THEY FUNCTION CHEMICALLY. FROM ONE GENERATION TO THE INEXT. ' >




HAVE WORKED OUT THE
PUZZLE OF INHERITANCE.

‘/ :Eﬁ_? BE

BUT, IF THIS WERE THE CASE, ANY ADVANTAGES THAT
MIGHT LEAD TO EVOLUTIONARY CHANGE COULD NEVER
ACCUMULATE. THEY'D JUST GET BLENDED AWAY.

-

DARWIN DIED NEVER KNOWING THAT, AT THE VERY
TIME HE WAS STRUGGLING WITH THE CONCEPT OF
INHERITANCE, A MONK NAMED GREGOR MENDEL
WAS UNLOCKING ITS SECRETS...

TO DISCOVER THE UNITS oo

Ah=— T remember %genes” from your

initial report on Earthly genetics. No way/ It
If I recall correctly, t all comes to
are made of DNA. those self-replicating

molecules from the
dawn of time/?/

iT IS A DELIGHT TO
BASK IN SUCH PERCEPTIVENESS,
PRINCE FLOORSH H18. <
THEY ARE, IN FACT,
AT THE HEART OF ALL OF THIS
EVOLUTIONARY CHANGE.

LET'S TAKE A LOOK AT NATURAL SELECTION
IN LIGHT OF WHAT WE KNOW ABOUT GENETICS.
THE INSTRUCTIONS WERE PRETTY SIMPLE FOR

THE FIRST SELF-REPLICATING MOLECLLES:

T JusT
NEeD TO CopyY
MYSELF.

BUT, AS THEY EVOLVED INTO MORE AND MORE
COMPLEX ORGANISMS, THE INSTRUCTIONS
ALSO BECAME MORE COMPLEX.

i LIRS L ¥ LV

SHIFFLED TO CREATE UNIQUE NEW COMBINATIONS.

A MUTATION OCCURS WHEN A GENE'S CODE 1S
COPIED INCORRECTLY. SOME OF THE TIME, THIS
CHANGES THE CODE IN A WAY THAT PREVENTS
AN ORGANISM FROM GROWING OR FUNCTIONING
PROPERLY. THESE ARE CALLED LETHAL MUTATIONS.

H

t <o=_aﬁmﬁ==_m m_m all of
is exquisite evolutionary change
Mxm__,_ni the _u_.o.._m__M of
random events?

BUT SOMETIMES A MUTATION CAUSES NO HARM, IN
WHICH CASE IT 1S A NEUTRAL MUTATION. OR IT MAY
ACTUALLY IMPROVE THE WAY THE ORGANISM WORKS
AND IS CALLED A BENEFICIAL MUTATION.




A CHROMOSOME 1S A
THREAD-LIKE STRUCTURE
OF DNA THAT CONTAINS

INDIVIDUAL UNIT THE GENES >wmA¢/»
OF INHERITANCE. EACH GENE ~ REPRESENTED

CARRIES INSTRUCTIONS FOR  BY DIFFERENT
BULDING PARTS OF THE BODY. \ TONES.

AS YOU CAN SEE, THERE IS A GREAT DEAL OF
SIMILARITY, BUT THERE ARE ALSO SOME SPECIFIC
DIFFERENCES. THE UNIQUE SET OF GENES AN
INDIVIDUAL HAS 1S CALLED TS GENOTYPE.

THE GENOTYPE IS THE SET OF GENETIC
INSTRUCTION USED TO BULD AN INDIVIDUAL, THE
PHYSICAL STRUCTURE BUILT BY THE GENOTYPE

1S CALLED THE PHENOTYPE.

different genotypes
produce different
phenotypes.

DFFERENT W THE VARWATION THAT DARWIN

OBSERVED IN A POPLLATION
OF PLANTS OR ANMALS
WAS VARWATION IN THER
PHENOTYPES — THER

RANDOM MUTATIONS INTRODUCE NEW GENES
THAT PRODUCE SLIGHTLY DIFFERENT PHENO-
TYPES. SO, MUTATIONS ARE RANDOM...

«. BUT WHICH
PHENOTYPES SURVIVE
IS NOT. THIS CAN
BE SEEN QUITE

CLEARLY IN A GROWING

16

NOW, HUMANS DON'T HAVE THE SAME PROBLEM
WITH BACTERIA THAT FUNGI DO. MOST BACTERIA

ARE HARMLESS, AND SOME ARE

ESSENTIAL FOR HUMAN A\ \ , .
SURVIVAL. IN THE HUMAN ]

2 )

a

THAT AIDIN THE
DIGESTION OF
mo,o@.

s/x/llh\'\l\

-

COLONIES HE WAS TRYING TO GROW.

T SHALL CALL IT...
PENICILLIN.

BUT A HANDFUL OF BACTERIA CMUSE
DISEASES THAT CAN INFECT AND KiLL
HUMANS. SO, NOT LONG AFTER
PENICILLIN'S DISCOVERY, EARTH
RESEARCHERS WERE TESTING ITS
EFFECTIVENESS AS A
MEDICAL TREATMENT.

LONG STORY SHORT, IT WAS
A WHOPPING SUCCESS/

REMEMBER THE BACTERIAL
CELL WALL WE MENTIONED?

WELL, PENICILLIN
WEAKENS THE CELL WALL 8
AND EVENTUALLY CAUSES

BACTERIA TO RUPTURE

AND DIE.

SINCE ALL BACTERIAL
SPECIES HAVE A CELL
WALL, PENICILLIN
PRETTY MUCH KILLED
THEM ALL. THE
COOL PART IS THAT
PENICILLIN DOESN'T
AFFECT HUMANS,
SINCE HUMANS ARE
EUKARYOTES AND




UNLANIDVD. GALET D M1 LIGN TLT VT Wiy
BUT OVER THE YEARS, THE “MAGIC® STARTED TO GENOTYPE AND PHENOTYPE,
WEAR OFF. IT TOOK MORE AND MORE PENCILLIN
TO KILL THE BACTERIA. -
THEY WERE EVOLVING. % s e N 5y
\ﬂ x'_ w & @@ﬁ \\\ ) 54 W
" ) <> = &) 2 7
[ e\é O s
° W R 0} RS
P 00 L e ’
——— ~ : —
BACTERIA W o o0
SR S ¢
N - vereacTern | |-
e — \FLLJ - ,mNWu. DON'T MISS A TRICK.

WHEN THOSE POPULATIONS WERE  BUT A FEW SUR- A RANDOM MUTATION HAD CHANGED ~ FOR THIS REASON, THE MODERN
ATTACKED WITH PENICILLIN, THE VIVED. THEY HAD THEIR GENOTYPE, GIVING THEM A DEFINITION OF EVOLUTION 1S: A CHANGE
ENVIRONMENT CHANGED AND AN ADVANTAGE NEW PHENOTYPE. THESE MUTANT | IN THE GENETIC MAKEUP OF A
THE VAST MAJORITY DIED. THE DEAD DID NOT. BACTERIA HAD AN ENZYME THAT / POPULATION OVER TIME.
CHOPPED UP PENICILLIN BEFORE IT _
COULD DAMAGE THE CELL WALL.

Coool. Hey, Dad, can T
go play with the peniciltin-
resistant bacteria?

r éz

PRIOR TO THE PRESENCE OF PENICLLIN, THIS BECAUSE THE GENE FOR PENICILLIN Oh, I'm sure he's fine. UH....YES, YOUR MOST
MUTATION WAS PROBABLY NEUTRAL. (T DIDN'T off . RESISTANCE WaS HERITABLE, THERE Now, was this antibiotic | PERCEPTIVE HIGHNESS. I WAS
HURT, BUT IT DIDN'T HELP. BUT, IN THE FACE WERE MORE AND MORE RESISTANT BAC- resistance the REAL  / HOPING THIS MIGHT PROVIDE

OF A PENICILLIN ASSALLT... ", O0. T TERIA IN EACH SUBSEQUENT GENERATION, %Mm”a:%m% iw?:pwm to 4 US WITH SOME INSIGHT INTO
* is ?

THE HERITABLE DISEASE
THAT IS ATTACKING OLR

e THE BACTERIA POPULATION WAS EVOLVING!

WE HAVE TO HURRY,
SIRE/ IT'S SENT HM TO THE NEXT
PART OF THE PRESENTATION: THE
PRECAMBRIAN PERIOD/




